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We have developed a novel "real time" quantitative PCR method. The method meacurc* PCR product 
accumulation through a duaHabded Huorogenlc probe (U„ TaqMan Prob«). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require poa-PCR -sample handling, preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The nmUlm PCR method has a very large dynamic 
range of starting target molecule determination (at least five orders of magnitude). Real-time Quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Tan ft ai. 
1994; Huang el al. I995a,b; Prud'homme et at. 
1995), Quantitative gen* analysis (DNA) has 
Ix-en used to determine the genome ^uaniHy of 3 
particular gene, as in the case of the human HKR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987), Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(liJV) buTden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; J'latak ct al. J w;sb; 
Fwtado et al. 1995). 

Many methods have been described for the 
quantitative analysis of nucleic acid sequences 
(both for RNA and DNA; Southern 1V/6; Sharp ct 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that It be used properly for quantitation (U»«y- 
maeht-Ts 1995), Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product hut did not measure the Initio? 
target sequence quantity. II is essentia] to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clement! ci al. 
100?.) 

Ke.%*archex5 have developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures PCR product quantity in the log phase 
of the reunion before the plateau (Kellogg et al. 
1990; Pang et ah 1990). This method requires 
Dial each sample has equal input amounts of 

. nucleic- add and that each sample under analysis 
amplifies with identical efficiency up to the point 
of quantitative analysis. A gene sequence (con- 
tained in all .samples at relatively constant quan- 
tities, such as p-aclln) tan be used for sample 
tuijj'liflcation efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extrfcmely laborious to assure 
that all samples ure. analyzed during the log phase 
of the reaction (for bolh the taTgcl gene and the 
normalization gene). Another method, quantita* 
tive competitive (QQ-PCR, has l>cen developed 
and is used widely for PCR quantitation. QC-PCR 
relics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Matak ct al, 1993*,!>). The efficiency of each re- 
action is normalized to the internal competitor. 
a bnnwn auuiuut of internal competitor can be 

antra 7nc<* no; wj **c:fcT 7no7/cn/7T 
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added to each sample. To obtain relative 0*'* no- 
tation, tho unknown target PCR product is com- 
pared with tho known competitor iK'lU product. 
Success of a quantitative competitive PCR assay 
relies on developing an Internal control thai am- 
plifiers wllh the same efficiency as ilic uuget moh 
cculc. The design of the conipctitoi and the vali- 
dation of amplification efficiencies acquire o 
dedicated effoxh However, because QC-1*<:R docs 
not require (hat PCR ptoducts be analyxud during 
the log phase of the amplification, it is tint easier 
of thr two methods to use. 

Several detection system* uie used for quan 
Utative 1*CR «nd RT-1*CR analysis; (1) agarose 
gels, (2)i]uorcseeul labeling of PCR products and 
detection with I n:it:T- induced fluorescence using 
capillar)' electrophoresis (Pasco ct a). 1995,* Wil- 
liams ei al. 1996) or acrylamide gels, and (3) plate 
capture and sandwich piobe hybridlz-ation (Mul- 
der el ah 1994). Although these ijicOkkK proved 
successful, each method requires posl-l'CR mw- 
nlpularlons That add time to the analysis <md 
may lead to htbumUny t oiihtiuination. The 
sample Lhruughput of these incUiod* \> limited 
(wilb the rxccpilon of the plate capture ap- 
proach), and, thttrttfwri:, these methods ore not 
well suited fwi u.si^ demanding high sample 
throughput (he., screening of large numbers of 

bloiuwltn.ultr;t 01 auatyy.ln^* SAlUpIca fwi diagnos- 
tics or clinical trials). 

Here report the development of a novel 
assay for quantitative TWA analysis. The assay is 
based on the u*t-.*c»f the 5' nuclear assay first 
described by Holland et al. (1993). The method 
u.se5 ihe •*>' nucleate activity of 7W</ polymerase to 
cleave a noncxtcndlblc hybridization prol>c dur- 
ing thr extension phase of l*OR- The approach 
uses dual -labeled fluorogenic hybri dilution 
probes (Lcc ct id. 1993; Dasslcr ct al. 1995; Uvak 
ct «l, J99£o,b). One fluorescent dye nerves as a 
reporter |FAM (i.e., 6-carboxynuore*vcm)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., <%carboxy-ietramethyl- 
i Viodaminc). Tlie nuclease degradation of the hy- 
hrldi/Jitton probe releases the quenching of Ihe 
I 'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at SJ# nm, 
The use Of <i sequence detector (AU1 Prism) allows 
measurement of fluorescent spectra of all 96 wells 
uf the thermal cycler continuously during the 
1*CK amplification. Therefore, the reactions aje 
Hiunltored in real lime, TJ)C output data is de- 
scribed and quyjitiTatlve analysis of input luigci 
I )NA sequences is discussed hciow. 



RESULTS 



PCR Product Derectlon in Real Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In moidtorlng lipid mediated therapeutic 
gene delivery. A plasmid encoding human factor 
V1H gene sequence, plttTM (sec Methods), was 
used as a model therapeutic gene. Tho assay use* 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence jn real 
time (Alii Prism 7700 Sequence Detector). Hui 
Taqmau reaction requires » hybridization pmhr 
I allied with two different fluorescent dyes. One 
dye Is a reporter dy« (1«'AM)/ the other is * quench- 
ing dye (TAMRA). When the proU: Is intact, fluo- 
leaccnt energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During tlie extension 
phase of the PCK cycle, the fluorescent hybrid- 
ization probe Is cleaved by the S'-.V nuclcolytic 
actlvity of thr. DNA polymerase. On cleavage of 
the probe, the reporter <iyc emission is no longer 
transferred efficiently to the quenching dye, re 
sultinK ni « n hicreasc* of the reporter dyo fluorCK* 
cent ciui-i-tion ftp*Ctr«i PCR pritners and prob^n 
were designed ft»» the human fctctor VI 1 J se- 
quence and human p-actln gene (n.t descril>ed in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe and 
magnesium concentrations yielding the highest 
intensity of reporter fluorescent signal without 
sacrificing specificity. The I nat rumen I uses a 
charKc-couplcd device (i.e., CCD camera) for 
measuring the fluorescent emission speetni from 
500 to C$0 nm. llach TOR tube was monitored 
sequentially for 2$ tnjKsc with continuous moni- 
toring throughout tli« amplification. U&ch lube 
won rr-cx an lined every H»5 sec. Computer x>ft- 
wart*, was designed to examiiic the f hi ore scent In- 
tensity of both the reporter dye (FAM).and 
the quenching dye (TAMRA). The lluoreficcnt 
intensity of the quenching dye, TAMRA, chtmgcs 
very Utile over the course of the PCR amplifi- 
cation (data not shown). Therefore, the intensity 
of TAMRA dye emission serves as «n internal 
slandard wllh which to uormullye the reporter 
Oytt (l ? AM) emission variations. The software cal- 
culate* u value Utrmcd ARn (or ARQ) using the 
following equation: ARn - (Rn J ) (nn*"), wiiere 
Rn^ . ernlSHlOii iiJicnshy of reporter/emission in- 
tensity of quencher at any given time In a reae 
tlon tube, anil R<i - emission intensilily of rt*- 
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poncr/omlssioi) hiu-mily of quc»«:Uer measured 
prior 10 I'CH imipliiication in lhar same reaction 
tube. For the purpose of quantitation, the Usi 
three data points (&Kns) collet-ted during the. 
tension step for each PCX cycle were anaiyzed. 
The micleolytic degradation of the nyurkb/<iiion 
probe oexurs during the extension phasror vut* 
and, therefore, reporter fluorescent cmiauun in- 
creases Ouring this time. 'J in: iluw data points 
were averaged for cadi KJk cycle and the mean 
value for each wax plotted in an "amplification 
plot" shown in J'itfure 3 A. The AKn mean value i* 
plotted on the j^axis, and time, represented by 
cycle number, is plot led on lhe*-axis. During the 
earJy cycles of the VCAl amplification, thf ARn 



value remains at base line When sufficient hy- 
bridization probe has been cleaved hy the Tin? 
jxilymerase nuflttltt activity, the intensity of ro- 
portvr flucntutccni emission iilf-'rettnet*. Most \Kl)s 
amplifiUiWons reach i* plateau pbo no 6f reporter 
fluurowiiV emission If the reaeliun Is carried out 
lo high cycle uujiiIjcin- The amplificalinn plot lit 
examined vuily in th* fraction, ut a point IhPl 
■ cjvcscnU the log phfliie of produd »ro«nula» 
tkm. This Js doim by assigning a« m-hiliary 
ihrcshoid thui is bused on the variability oi' the 
bastMinc dMia. In Figure 1 A, the Ihffahold was xci 
ai 10 standard deviation* above, the mean of 
baae line emission calculated from iryi;lc!i 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (4) The Model 7700 software will consiruct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the Amplification plot C, .values are 
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the amplification plot crossed the thrcshold'ivcltf 
fined as C P C,- is reported a* the cycle number ;« 
this point. Ar will be demonstrated/ th« tl 9 .value 
Is pieUicdve of the quantity of input turget. 

Cf Values Provide a Quantitative Measurement, cif 
Input Target Sequences 

Plgurc IB shows amplification plots of lit 

ent PGR amplifications overlaid, The nmplifou* 
tions wore performed on a 1 :2 serial dilution •<« 
human genomic DNA. I"hc amplified target w:u 
human p actln. The amplification plots Khifl to 
the right (to higher threshold cycles) ns the input 
target quantity is reduced. 'JT>ts is expected ho* 
vxum nwetlortK with fewer starting copies of the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the O r values. Figure 1C represents "the 
C T values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
PGR Amplifications and plotted as mean values 
with error bars representing one standard davia- 
tion. The C r value* decrease linearly with increas- 
ing target quantity. Thus, G r valuta can be used 
as a quantitative measurement of the input target 
number. It should be nolcd that the amplifica- 
tion plot for the 15*6- ng sample shown In Figure 
if! does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
'Hie 15.6-ng. sample also achieves cndpoini pla- 
teau at a lower fluorescent value than would he 
expected based on the input DNA. This phutiorn* 
enon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact signMontJy the calculated C, value us 
demonstrated by the fll on the line shown in 
Figure 1 C All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0.$ for any dilution. This experi- 
ment contains a > 100,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range oi Uuorcsccnt in- 
tensity measurement of the ABI Prism 7700 Se- 
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meiits over n very large T^nj><> of rcUiWo starting 
target quantities. 

Sample Preparation Validation 

Several parameters influence the efHclenry »»f 
PGR amplification: magnesium and salt concen- 
iration*:, reaction conditions (i.e., time und levn- 
pc.ruture), PCK target size and composition, 
primer sequences, and sample purity, All of The 
above factors are common t« a single rcK assay, 
except sample to sample purity. In an effort to 
validate the method of sample preparation for 
the factor Vill assay, J'CR amplication reproduc- 
ibility and efficiency oi 30 replicate sample 
prejKirations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantified by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-nciln 
gene, content in 100 and 2$ ng of total genomic 
UNA. Each I'CK amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each oi the triplicate PGR 
amplifications was highly reproducible, demon- 
strating that real time PCK using this instrumen- 
tation introduces minimal variation Into the 
quantitative J'CH analysis. Comparison of the 
mean C, values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-actfn gene quantity. The highest C t 
difference between any of the samples was 0.S5 
ami 0.7] for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample, exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from Ihe sample dilutions (Fig. 2). 
Any sample containing an excess of a PCI< inhibi- 
tor would exhibit a greater measured p-aciln G r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis (Hg, 2), altering 
the expected G # . value change. Ruch sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity* 

Quantitative Analvsis of a Plasm id After 
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Table 1 . Reproducibility of Sample Preparation Method 



100 ng 



Samplo 

no. Cr 



standard 
rn^an deviation 



CV 



18.24 

18.23 

10,33 

18.33 

1 8.35 

18,44 

18.3 

18.3 

18,42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

1 8.67 

19 

18.28 

18.36 

18-52 

16.43 

18,7 

18,73 

18.18 

18.34 

18.26 

18.42 

18.67 

18.66 

0 10) 



1<J.27 
18/* 7 
18,34 
18.23 



18.39 



18.55 
18.12 



0.06 
0.06 
0.07 

o.os 



18.42 0.0-1 



18.74 0.24 



0.12 



18.63 0.16 



1B.29 0.1 



0.12 
0.17 



0.32 

0,37 

0,36 

0.46 

0,23 

1.26 

0,66 

0.83 

0.55 

0.65 
0,90 



25 ng 



20,48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20,63 

21,09 

21.04 

21.04 

20.67 

20,73 

20.65 

20,98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



standard 
mean deviation 



20*51 0.03 



70.54 



20.43 



20.73 
20.66 



0.11 



20.54 0.06 



0.05 



20.73 0.13 



21.06 0.03 



20.6R 0.04 



20.86 0.12 



20.51 0.07 



0.1 
0.19 



cv 

0.17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.>l6 
0.94 



(or containing a partial cUNA for human factor 
Vlll, pl-HTM. A scries of trao>fccUons was sot 
up using a decreasing amount of ihc plasiru"d v <40, 
4, U.3, and O.I u,g). 'IW.niy-foor hours po&i- 
transfeciion, total H>NA was purified from each 
flask of Lrlb. p-Acliu gene quantity was chosen as 
a value for normalization or^cnuituc DNA con- 
centration from each sample. In this cxpeijnjent, 
(4-actin gene content should remain con si am 
relative to rotal genomic DNA. Figure 3 shows the 
result of the p-actln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) of each stiinple. Kach sample was analyzed 
in triplicate and the mean p-actin C|. values of 
the triplicates were plotted (error bars represent 

«-^wf«l«fr) ri«viaimni *l h#» hlPhfiir «liffrrrn<T 



Uetw<ten any iwo samplci moans was 0.<)5 CV Ten 
nanograms of total DNA of each sample were also 
examined for iVacUn, The results again showed 
that very similar amounts of genomic 1>NA were 
present: 'the maximum mean J* actio C: t value 
difference wa.s 1 .0. As Figure 3 shows, the rale of 
P-actlu Cr change between the 100 and 10-ng 
sojn|>1e» was similar (sloj>c values rar>g« bwrwoan 
3.56 anU ■- 3,45). This verifies again thai the 
method of sample preparation yields samples of 
identical PC.R integrity no sample contained 
an excessive amount of a VCR inhibitor). ITow- 
evcr, these results Indicate that each sample con 
talncd slight diffeiehces in the actual amount of 
genomic DNA analysed. Determination of actual 
vuuouiic ONA concentration was accomplished 
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Figure 2 Sample preparation purity, 1 he replicate 
samples shown In Table 1 wore also amplified in 
tripicate using 25 ng of each DNA sample. The fig- 
oi<: shows die input DNA concentration (TOO And 
25 ng) vs. C, In irw* figure, ihp 1O0 and 75 ng 
points for each sample are connected by a line. 



by plotting the mean £-actSo O, value obtained 
fOT each 100 ng sample on a p-aclin standard 
curve (shown In Wg- The actual genomic 

DNA concent rat I"" <>f each swuplu, a, wns ob 
Ulncd by extrapolation to thu x-axii. 

Figure 4 A shows the measured (i.e., 
normalised) quattlitie-s of factor VII) plasinid 
ONA (pPSTM) from each of the four transient cell 
V lr<i">fac*ik>ns. Each reaction contained 100 ng of 

.(• total sample DNA (as deter" lined by UV spectrum 

) copy). Vjxch sample was analyzed in triplicate 
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Figure 3 Artaly»l» uf tidiisfectcd cdl DNA quantity 
and purtty- I he DNA preparations of lUu four 293 
cell transfections (40, 4, 0.5, and 0.1 jxg of pF8TM) 
were analyred for the 0-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM trial was transacted, the 0-actln 
C T values are plotted versus the total Input DNA 
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PCift srxnpllf] cations. As shown, pt*'8TM purified 
>fxoiC Jbe 2°3 cells decreases (mean G, values in- 
eruttsrt) with decreasing amounts of plasmid 
itrunsli'UCd. The mw» C"- A values obtained for 
pWTM in 'Figure 4A were plotted on a standard 
curve comprised uf serially diluted pKHTM, 
shown in figure 4B. The quaiillty uJ pl*KTM, h, 
found in each of the four transections was de 
tcrmined by extrapolation to the x ax It of the 
standard curve In figure 4B\ Thctsc uncorrected 
values, b, for pPHTM were normaM^d to deter- 
miner Uie actual amount of pl*81M found per 100 
ng of genomic DNA by using Ihc equation:. 

(> x 1Q O ng ueluiil pi-'rVITvl copies r>er 
fl ~ 100 ng of genomic 1)NA 

where a actual genomic UNA in u sample and 
b «- pFBTM copies from the standard curve, The 
normalised quantity of pl'BTM per 100 ng of ge- 
nomic DNA for each of the four Iran a feci ions Is 
shown in Figure 4JJ. 'Hicse rouil* Miow ihai the 
quantity of factor vm plasmtd associated wiih 
thO 293 cells, 24 hr after ira infection, tlucicascft 
with decreasing plasnifO uiiJi.eiHiatJoo used in 
the transection. Ttic quantity of pl'ttTM associ- 
ated with 293 cells, after uansfectlon with 40 ixg 
Of plasmid, was 35 pg per 100 ng genomic DNA. 
This results in -520 plasuiid copies per cell. 



DISCUSSION 

Wo have described a new method for quantitnt- 
iug gene copy numbers using reaMlmc analysis 
of PUR amplifications. Realtime PCK is compat- 
ible with Cither of the two PCK (KT-PCR) ap- 
proaches: (1) quantitative competitive where An 
internal competitor for each target sequence iy 
used for noTmalixatlon (data not shown) or (2) 
quantitative comparative PCK using *» uouualiza- 
tiou gene conloined within the sample (i.e v p-ac- 
tin) or a ^housekeeping" gene for RT-PCK. if 
equal amounts of nucleic ae)d are analyzed for 
each sample and if the amplification effitimcy 
before' quantitative analysh o identical for each 
.sample/ the Internal conhol (noimali^tion gene 
or competitor) should give equal >ignal& for alJ 
snmplcs. 

The real-time PCU method offers several ad- 
vantages over the other two methods currently 
employed (see the introduction). l : irst, the real- 
time PCR method is performed in a doscd-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative analysi* of pFSTM in iramfccted tells. (A) Amount of 
plasmid ONA used for I he trunstecilon plotted against Hie imtun C, value deter- 
m ravi f ° r pfa ™ rcmain ' in i* ^ nr after transection. (fl,Q Standard curves of 
pfcRlM *nd fi-acdn, respectively, pr 6T M DNA <tf> and genomic DNA (Q were 
diluted & Artolly 1 ;S before amplification with the appropriate primers. The p-actin 
standard curve wa* usod to normalise the results oM to 1 00 no of genomic DNA. 
<0) Tho amount of pFSTM present per 100 ng of genomic DNA. 



of sample. Therefore/ (h<* fwMentiw) for PCR con- 
lamination in the laboratory is reduced because 
amplified product* cam h<» analysed and disposed 
of without opening the reaction tubes. Second, 
this method suppoiln tin* umi of a tiwrm;i1ix<ith>n 
gene (Lc, fJ-aclin) /or quantitative PCR or house- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis Is performed in real time during the Jog 
phase of product accumulation. Analysis during 
log phase permits many different genes (over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching reaction 
plateau at different cycles. This will make iiiulll- 
gene analysis assays much caMei to develop, be- 
cause individual internal iontpetitoi> will nut be 
needed for each gene under analysis. Third, 
sample throughput will mcieasc diamalicdJty 
with the new method because there is no port. 
1*CR processing lime. Additionally, winking In a 
96-wcll format b highly compatible with auto- 
ination technology, 

The real-time PCR method is highly repro- 
ducible. Replicate, amplifications can be analyzed 



for <»nch sample minimising jKMcmial error. The. 
sysutm allow* for a very large assay dynamic 
range (approaching l,000,0<X)-fold Marling tai* 
gel). Ualng a .standard curve for the target oi in* 
terest, relative copy number values can be deter- 
mined for any unknown >» ample. Fluorescent 
threshold valuer G r , coneJaif. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
KT-rCR methodology (C^bson et al., this Ixsuct) 
ha* alto been do. veil oped, finally, real lime quan- 
titative PCU methodology can be used to develop 
high-throughput sereenliig aaaay* for a variety of 
applications [quantitative gene c*pjea:>iuii (RT- 
rCR)i gene copy ar^aya (fieri, I11V, Cld), jgcntv 
typing (knockout mouse analysis), and Jmmum>- 

renj. 

Real-time POt may al.to Ijc jxjrformed using 
intercalating dyes (Higuohi ct ul. such as 

cUiidium bromide. The fluorogenic probe, 
method offers a major advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dimvrs and nonspecific PCR products are not de- 
tected). 
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METHODS 

Generation of <t Masmld Containing a Partial 
cDNA Tor Human Factor YI11 

Total KNA v»<u harvested (UNAw»* 1* fovm '*'< 4 > Test, Inc., 
J-rjendswood, TX) from e«)l> (tAiwfccted with a factor VIU 
rxjHvssiuu vwtor, pCJSZ.Uv2&l> (Katun vt ft!.* 19H6; Cor* 
man cl at. 1900). A factor VIII partial cMNA wvpiencv WttS 
^■ictntie-d by in* KMC K; otic Amp ja iTth RNA OTl Kit 
(pan NoOR-or/y, l'fc Applied Hiosywcins, Kostvt City, <^A)J 

ushifc the l'<:it priuiurs F8for him! Ittrev (primer &equeitrr* 
arc shown below), The amphcon was reampliOed dAlng 
modified MMor and Wrcv primers (appended with famlll 
and iWirdlll restriction she. sequences «t the V viwl> and 
cloned into pUKM- 3Z (Prom^u ttorp,, Madwoo, WI>. The 
resulting clone, pPffllvf, was uscil l«r transient transection 
of £93 cell*. 



Amplification of Target DNA am! Dulcciipn of 
Amplicpn Facior VIII Plasmid DNA 

(plOTM) was amplified with the p*hnc-u> Mifor S'-CXXi- 

crrcKU^ACjAUj-UAcxiicn'c-a' and may 5*-aaa<:ct- 

l^CCXrrOCiATCitrrACJCi-aMlitt reaction pioduwd a 422- 
tip m:K produce The forward primer win* denned lu ivv 
ogTilxe a uulquv .wipiemv hmud in the 5* unt ran stated 
region of thi! paieiti pG132.&Z51> pldMuWl ami- dtcfcforc 
(iws not iwwKnUu and amplify the human factor VIII 
gene, 1'rimnrs wore chosei* with the flvyiftaiirr* of com. 
pulcr program Oligo i.o (Nuthwwl Hiuscicnccs, Invi, IHy- 
motJth, MN). The luiman p-actl« gene was amplified with 
the prhner> (J-tutin forward primer S ' TC ACOCACAt TI C IT 
GCCCATOAClOA-.V and p-actuj reverse piimcr .S'.t !AC;. 
CCCAACCX:(rr<:Ari(;CC.AA'J'GG.3 t . The reaction pro- 
cuiceo a 2y5'hp rOu product. 

Amplification reactions (50 ^) contained a DNA 
sample, Klx l>CR Buffer II (S pd), 200 dATi', dCTT, 
dGTP, and 400 p,M dUTI\ 4 mx< MgCI 7 , 1M Uitlix Ampl! 
7Vi<; ONA poiymciwc, U.5 unit Ainpwnsv uracil N-fiiy- 
< it wy lu xv (UtiC), 60 pi nolc of each foeioi Vlll jtrliiK-i, und 15 
j,h i !<>!<• of iwoh p ftc:(ln pdtucr. 'Hut i<*avlUM^ t\\u> t;un*o*ucd 
000 Of the foMpwln^ defer t l«n |>rnlM»K (lOO hm nirli): 

j'ttprMW A'(i'AW)Ac:criYrj , f:c:Ac:crrc;cri*i , (;'nT(:TCi'- 

OCOTT(TAMRA)p 3' <md p-uctin proU* 5 f (TAM)AT<JCX:C^ 
X(TAMRA)CCCCCATCC:r.ATCp-3' where p indicates 
phosphorylation nnd X indicates a linker arm nucleotide. 

Rcocllon UiK*> wrrv Mtt:niA/t\p Optk^fll Tulx s S (pari A tim- 
ber NkOI Pcrkln lUxiiur) that wore f roettH.1 («t IVrfcht 
Hlmcr) to |»rvwiil light ffom reflecting *)\ibc Cdpi were 
slmil^v to MicroAmp Cnjvi IhiI specially designed to pre- 
vent Hfchl scat tern i All oi tti<* P<;u i^nimir»id>U'» wcro »vt>w 
plied 1>y Plv Applied Wo$y*t<-lH9 (|V»»t**r CMy, CK) except 
the factor VIU prlrutfrs, wlik'h wvic synl^esl/cd nt Cencn 
lech, Inc. (South f»t«t Prtinclsco, CA). Prohey wiw dosl^ntKt 
uMng the OI>£c> 4.0 software, follvwlnj; guidelines ifiij;* 
gCMen in tnc ModcJ 7700 .Sequence Ditmnr Iii.kIiiuiihiI 
manual. ltrlc.ny # probe T m ^mujUI he al least 5 U C ))\&hcr 
iftatl the arinvulhiu iviupt'idturc uaetl durliij; thermal cy- 
rlutg; primers slu>\tld ikh fynn M«ih!v d«iplexe»* witli the 
probe. 

The tlieriu4il •■ye.llng cunditkuvs Included 2 mln at 
50*O and 10 mm a I 95"C, 'lliejinal i-yciing prorcr<led with 



reaction* were perforated *»» 'h<» Model 770t)^eciucna* 1*H - 
teti<ir (PE Applted Ulosysluuiv), which cc»nt»Uiv n Ocne- 
Amp l*<";U Sy&tvm P600* k<At:llon condition* wcrr- jwo* 
gruttmteU on .i I'nwQr Mucinttwli V100 (Apple t'-nmpmpr, 
Santa CJara, CV\) linked diam!y to the Model WOO Si*, 
tjuciiw ixaector* An»!y*t« «f data alst-t |«*rformr»d on 
the Mut-lnUtth computer, f^olloetloii and analycld cofiwaro 
wiw develo|wl x\ l*K Applied nic*y*tums. 



Traiwfectton of Cells with Factor Vlll Construct 

Four M l 75 flasks or 293 cells {ATCX: CM. a human 

fetal kidney suspension cell line, were %mwu io 80/M» coji* 
iUwwy anwl trarufecfed pl-'tfl^i. Cells wore grown in the 
following media! S0% HAM'S HI 2 without OHT, 5CW» lt>w 
<t)uco3<? )1uJIk<xn>'s modified Koxlemixlhim (UMIiM) wltlh 
enn glycine wiUi aodlum bicadxinate, 10% ictal bovine 
semiri, 2 iiim t-ylutaniiK, and 1% penicillin-strcpfom^ 
kUi. *I1ic medio was <4iar^cd 30 mln M^«' traosfec 
tion, pMJTM WA amounts of 40 t 4, OA, nnd 0.1 were 
i»ail(:<i tt> ml of a »oivttJo»» containing 0,125 m CaCA?; 
and 1 x UM£. The four mixture* were left al room tetn- 
fxsrvttirt- for 1 0 mln and then added dmpwUe to 0»e cells. 
'Hie n«*)i* wviehicubatcd at 37°C and 5% OO a f«r 24 hr, 
washed with PltS, ^-.ci r^^^pended In PUS. The feiitm 
jA*mK:d celU were divided ij»lo «IU|uola und DNA Wfti e>/- 
tnmted Iniiitedltitely tisinj; (hvQIAarnp Kit (Qiapten, 
awtatvortlir <MY t>NA w^n e.Med Into 200 ^l ul 20 mW4 
TrMICJ utpll 
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